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• Online Data Supplement I n the last decade, a substantial change in our understanding of the renin-angiotensin system (RAS) occurred. 1, 2 It is now clear that the circulating and tissue RAS are far more complex than previously anticipated. The modern concept of the RAS includes, in addition to the classical components (renin, angiotensin [Ang]-converting enzyme [ACE], Ang II, Ang III, and Ang type 1 and type 2 receptors [AT 1 R and AT 2 R]), novel enzymes, peptides, and receptors (ACE2, 3, 4 Ang-(1-7), (pro) renin receptor, 5 and Mas). 6 More recently, novel putative components of the RAS (Ang A, 7 alamandine, 8 and the Mas-related G-protein-coupled receptor D) 8 were identified. These new discoveries bring into perspective new possibilities of interaction among RAS components. Figure 1 shows a simplified updated view of the RAS.
The demonstration that Ang-(1-7) is a key component of the RAS represented one of the most significant conceptual changes of this important hormonal system. This review will focus on the cardiovascular actions of Ang-(1-7) and the potential of Ang-(1-7) and other Mas agonists as cardiometabolic therapeutic agents. Figure 2 shows most of known cardiovascular actions of Ang- (1) (2) (3) (4) (5) (6) (7) . It should be pointed out that the actions of Ang-(1-7) are not restricted to the cardiovascular system. For example, Ang-(1-7) also impacts the renal system, which may play a role in cardiovascular diseases, such as hypertension. Because of space limitation, only a partial list of references was included in the text. An expanded reference list is available in the online-only Data Supplement.
Cardiovascular Actions of Ang-(1-7)
Heart There is a vast array of literature concerning the effects of Ang-(1-7) in the heart. Averill et al 9 were the first to report the presence of Ang-(1-7) immunoreactivity within myocytes in the rat heart. This was in line with the presence of Ang- (1) (2) (3) (4) (5) (6) (7) immunoreactivity in blood collected from the canine coronary sinus. 10 More recently, Ang-(1-7) and Mas were identified in the sinoatrial node, providing the morphological basis for the Ang-(1-7) antiarrythmogenic effect 11 The presence of ACE2 in cardiomyocytes further supports a local formation of Ang- (1) (2) (3) (4) (5) (6) (7) in the heart of different species. 4, 12, 13 It should be pointed out that other enzymes capable of directly or indirectly forming Ang- (1) (2) (3) (4) (5) (6) (7) are also present in the heart, including prolyl-oligopeptidase 14 and cathepsin A. 15 
Coronary Vessels
Ang-(1-7) produces vasorelaxation in the coronary vessels of dogs 16, 17 and pigs. 18, 19 In rodents, the peptide was, in general, without effect or produced vasoconstriction. [20] [21] [22] [23] However, these observations were made using relatively high concentrations of Ang-(1-7), in the nanomicromolar range. Recently, using picomolar concentrations of Ang-(1-7), Souza et al 24 were able to unveil a significant vasodilator effect of Ang-(1-7) in isolated rat hearts. This effect was offset in hearts taken from aortacoarcted rats. Intriguingly, the blunted Ang-(1-7)-induced vasodilation in hypertensive animals was restored by acute or chronic AT 1 blockade with losartan. These observations are in keeping with the previously described interaction of AT 1 R with Mas, [25] [26] [27] which still needs to be addressed in more detail .
Cardiomyocytes
In cardiomyocytes, acute exposure to Ang-(1-7) has no demonstrable effect on Ca 2+ transient but promotes nitric oxide (NO) release by activating endothelial NO synthase (eNOS) and neuronal NO synthase. 28, 29 Whereas, chronic exposure to Ang-(1-7) or genetic deletion of Mas produces significant effects on Ca 2+ -handling proteins. 30, 31 Transgenic rats harboring an Ang-(1-7)-producing fusion protein in the heart show an increased Ca 2+ transient amplitude, faster Ca 2+ uptake, and increased expression of SERCA2. 30 Cardiomyocytes from Mas-KO (knockout) mice have a smaller peak Ca 2+ transient and slower Ca 2+ uptake, probably because of the decreased expression of SERCA2. 30 These changes were translated into decreased heart function in Mas-KO mice. [31] [32] [33] The changes in calcium-handling proteins were paralleled by changes in the NO production machinery. 28, 34 Cardiomyocytes from Mas-KO mice have normal eNOS protein levels, but a 70% increase in caveolin 3 expression and a decrease in heat shock protein 90. 28 These 2 alterations may lead to a decrease in eNOS activity because caveolin 3 prevents calmodulin interaction with NOS, and heat shock protein 90 acts as a scaffold protein to recruit protein kinase B (AKT) to the eNOS complex 35
Ang-(1-7) and Cardioprotection
Most of the data related to Ang-(1-7) or other Mas agonists in the heart deal with its cardioprotective effects. 34, [36] [37] [38] [39] [40] The first description of a cardioprotective effect of Ang-(1-7) was made by Ferreira et al. 36 A low concentration (220 pmol/L) of Ang-(1-7) produced a significant reduction of ischemia/ reperfusion-induced cardiac arrhythmias in isolated rat hearts. This was in contrast with the proarrhythmogenic effect of Ang-(1-7) at 10-fold higher concentrations. 22 In keeping with these observations, De Mello et al 41 reported a biphasic effect of Ang-(1-7) on impulse propagation and cardiac arrhythmias: at 10 nmol/L, an antiarrhythmogenic effect was observed, whereas at a 10-fold higher concentration, Ang-(1-7) was proarrhythmogenic. In transgenic TG(A1-7)L-3292 rats with a 2.5-fold increase in circulating Ang-(1-7), reduced duration of reperfusion cardiac arrhythmias and an improved postischemic heart function were observed. 37 The mechanism of the antiarrhythmogenic effect of Ang-(1-7) seems to involve the sodium pump. 41 In addition to influencing cardiac rhythm, Ang-(1-7) produces a significant antiremodeling effect in different models of cardiomyopathy. In TG(A1-7)L-3292 rats, a marked attenuation of isoproterenol-induced cardiac fibrosis was reported. 37 Later, many other studies described the antiremodeling effects of Ang-(1-7) 34, 38, 39, 42 and of other Mas agonists (AVE0991, CGEN-856S 43, 44 ; see the online-only Data Supplement). These observations are in line with the deleterious cardiac effects of genetic ablation of Mas in mice. [31] [32] [33] Interestingly, even acute blockade of Mas with A-779 has been reported to produce deterioration of heart function in isolated mouse hearts. 26 In contrast to the consistent antifibrotic effect of Ang-(1-7)/ Mas, more variable results were obtained for cardiomyocyte hypertrophy, although in general an antihypertrophic effect is described. The prohypertrophic effect of isoproterenol was attenuated in TG(A1-7)3292 rats. 45 Similarly, treatment with Ang-(1-7) attenuated Ang II-induced cardiac hypertrophy. 39 However, in the DOCA-salt model of hypertension, treatment with Ang-(1-7) attenuated cardiac fibrosis without interfering with blood pressure or cardiac hypertrophy. 38 Whereas, induction of DOCA-salt hypertension in transgenic rats harboring an Ang-(1-7)-producing fusion protein 37 resulted in the attenuation of hypertension, myocardial fibrosis, and cardiac hypertrophy. 40 An antihypertrophic effect of Ang-(1-7) was also observed in cultured cardiomyocytes treated with Ang II, 39, 46 vasopressin, 46 and endothelin. 47 Contrasting with several reports showing a cardioprotective effect of Ang-(1-7), Velkoska et al 48 reported a dramatic deleterious effect of Ang-(1-7) infusion in Sprague-Dawley rats after 5/6 nephrectomy. However, Li et al 46 in the mouse and, more recently, Xu et al 49 in the rat described opposite effects. In their studies, treatment with Ang-(1-7) prevented heart dysfunction and left ventricular remodeling. Therefore, additional studies are needed to clarify these conflicting data. It would be interesting, for example, to remove the interfering factors such as endothelin 1, which is increased in this model of nephropathy. 50 Endothelin 1 decreases Mas expression, 51 which could favor an action of Ang-(1-7) on AT 1 R receptors in this condition. Another contrasting report is the one by Zhang et al. 52 These authors showed that the overexpression of human Mas in rat cardiomyocytes leads to hypertrophy. Despite the possibility that overexpressed receptors could be uncoupled from the usual signaling machinery activated by endogenous receptors, these data and others with Ang-(1-7) 22, 41 indicate that important differences in signaling may arise in conditions where Mas or Ang-(1-7) are increased above the supraphysiological concentrations.
Blood Vessels
Ang-(1-7) is formed in the endothelial layer of human blood vessels, 53 which also express Mas. 54 The formation of Ang-(1-7) in the vascular wall has also been described in other species. 23 In addition, Mas is also expressed in the endothelium and vascular smooth muscle cells of different species. 55, 56 Despite forming Ang-(1-7), the blood vessels are one of the main sites for its effects. Ang-(1-7) produces vasodilation in aortic rings 57, 58 and in several vascular territories. 32, 59 In normotensive rodents, the effect of Ang-(1-7) in these territories leads to a decrease in total peripheral resistance with a consequent increase in cardiac output. 32, 59 The hemodynamic impacts of these alterations on blood pressure are essentially equivalent, leading to no net change in blood pressure. 32, 59 Studies performed in experimental models of permanent gain or loss of function also indicate that Ang-(1-7) is capable of chronically influencing systemic and local hemodynamics. It has been reported that Mas-deficient mice show an important increase in the vascular resistance of many territories such as kidney, lung, adrenal gland, mesentery, spleen, and brown fat tissue. 32 A parallel increase in total peripheral resistance and decreased cardiac index was also observed. In contrast, in transgenic rats with a lifetime slight increase in circulating TG(A1-7) L-3292, the opposite change was reported. 60 These data suggest the existence of an Ang-(1-7)/Mas tonus in blood vessels with a previously unsuspected physiological relevance. However, 
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Cardiovascular Actions of Angiotensin-(1-7) 1141 because these regional blood flow measurements were made under anesthesia, caution should be exercised in terms of transposing these findings to nonanesthetized animals. One of the most prominent consequences of mas deletion in mice is endothelial dysfunction. 56, 61 In the FVB/N background, endothelial dysfunction is associated with an increase in blood pressure, 56 whereas in C57BL/6 mice, no alteration of blood pressure was reported. 61 The endothelial dysfunction associated with Mas deficiency in these 2 genetic backgrounds in mice is in keeping with the improvement of endothelial function produced by short-term Ang-(1-7) infusion in normotensive rats 62 and with the Mas-mediated improvement of vascular function in many species and conditions. [63] [64] [65] Furthermore, these observations agree with the worsening of 2 kidney-1 clip hypertension in Mas-KO mice. 66 In addition to its effects on endothelial function and vascular tonus, Ang-(1-7) has antiproliferative effects in vascular smooth muscle cells. 67 A similar effect was described for AVE0991. 68 This feature seems not to be restricted to vascular smooth muscle cells because Ang-(1-7) has well-documented antiproliferative effects in other cell types, including cardiac fibroblasts 42 and tumor cells. 69, 70 In humans, the initial reports using indirect forearm blood flow measurements were somewhat controversial. In patients chronically treated with ACE inhibitors, a condition in which circulating levels of Ang-(1-7) are markedly increased, 71 the infusion of Ang-(1-7) was without effect on forearm blood flow, whereas the infusion of bradykinin produced a pronounced vasodilation. This observation was interpreted as evidence for a lack of relevance of Ang-(1-7) to the hemodynamic effects of ACE inhibitors. However, in this particular condition (ACE inhibitor treatment), the use of an Ang-(1-7) antagonist rather than Ang-(1-7) would have been more appropriate to reach such conclusions. A negative result was also reported by Wilsdorf et al, 72 who observed that Ang-(1-7) was without effect in the forearm blood flow of normotensive patients and did not alter vasodilation produced by bradykinin infusion. In contrast, Sassaki et al 73 observed a dose-dependent vasodilation. In addition, a dose-dependent potentiation of bradykinin vasodilation by Ang-(1-7) was described by Ueda et al, 74 which is in keeping with the well-known bradykinin-potentiating activity of Ang-(1-7). 23 The same authors described an attenuation of the vasoconstrictor effect of Ang II, but not noradrenaline, by Ang-(1-7) in the forearm of normotensive patients. 74 The attenuation of the Ang II vasoconstrictor effect by Ang-(1-7) was also described by Rocks et al 75 using mammary arteries in vitro. More recently, van Twist et al 76 observed a significant dose-dependent increase in blood flow to the kidney during intrarenal infusion of Ang-(1-7) in hypertensive patients. Interestingly, this effect was attenuated in patients on a low-salt diet, probably because of the fact that low-salt diet leads to an increase in circulating angiotensin peptides, including Ang-(1-7). 77 A similar attenuation was described by Roks et al 78 in rats. Despite methodological differences, the contrasting results obtained in humans could be because of racial or vascular territory differences in the sensitivity to Ang-(1-7). Further studies are obviously needed to confirm in humans the potent vasodilator effect of Ang-(1-7) described in rodents. 59, 60 
Mechanism of the Vascular Effects of Ang-(1-7): Mas or Mess?
We and others have provided evidence for a critical role of Mas in the vascular effects of Ang-(1-7). [79] [80] [81] Sampaio et al 54 were the first to show the presence of Mas in cultured human aortic endothelial cells. 82 The stimulation of these cells or Mas-transfected Chinese hamster ovary cells with Ang-(1-7) promoted NO release involving Mas and the phosphoinositide 3-kinase/AKT pathway. 54 In human aortic endothelial cells, Ang-(1-7) also attenuated the effects of Ang II on signaling linked to the MAPK pathway. 82 The Mas antagonist A-799 blocked these effects. More recently, Verano-Braga et al, 83 using a time-resolved phosphoproteomics approach, were able to uncover many other signaling components of the Ang-(1-7) effects in human aortic endothelial cells, including FOX01, which is activated by Ang-(1-7) and has an important counterregulatory relationship with AKT-mediated effects. 84 The data obtained in human endothelial cells are consistent with the absence of the effects of Ang-(1-7) in aortic rings taken from Mas-KO mice. 6, 57, 85 The vasodilator effect of Ang-(1-7) was also markedly attenuated in mesenteric arteries of Mas-KO mice. 80 In line with these observations, the vasodilator effect of the Ang-(1-7) mimetic, AVE0991, was blunted in aortic rings taken from Mas-KO mice, whereas the effect of the AT 2 R agonist, CGP42112A, was fully preserved. 85 An essential role of Ang-(1-7)/Mas in the endothelium is suggested by the pronounced endothelium dysfunction present in C57BL/6 and FVB/N Mas-deficient mice. 56, 61 Accordingly, acute infusion of Ang-(1-7) in rats improved endothelial function. 62
Is AT 2 R Involved in Ang-(1-7)-Induced Vasorelaxation?
In contrast with the body of evidence favoring a critical role of Mas in Ang-(1-7) vascular effects, studies using mostly the putative AT 2 R antagonist, PD123319, suggested an important role of AT 2 R in the vascular effects of Ang-(1-7) in some conditions. 86-90 However, we have recently reported that PD123319 can compete with the novel angiotensin peptide alamandine for binding to Mas-related G-protein-coupled receptor D and, more importantly, that PD123319 blocked the vasodilator effect of alamandine in aortic rings taken from AT 2 -KO mice. 8 Therefore, the possibility that PD123319 is actually blocking alamandine formed from Ang-(1-7) when it seems to be blocking the direct effects of Ang-(1-7) should be considered. We have observed that Ang-(1-7) also produces vasorelaxation in aortic rings and microvessels of AT 2 -KO mice (Caldeira and Santos, unpublished results). Likewise, it has been recently shown that the hypotensive effect of Ang-(1-7) in anesthetized mice is preserved in mice that are deficient in 3 Ang II receptors (AT 1 A, AT 1 B, AT 2 ). 91 These observations clearly disregard AT 2 R as a critical component of the vasodilator effect of Ang-(1-7). In keeping with this finding, PD123319 cannot block other vascular or nonvascular effects of Ang-(1-7). 46, [92] [93] [94] Whereas, the possibility of physical or functional interaction of Mas with AT 2 R should be seriously considered . 63, 86, 89, 95, 96 In addition to the still unclear involvement of AT 2 R in Masmediated effects of Ang-(1-7), a possible crosstalk of bradykinin B 2 receptors with Mas and AT 2 R has been suggested. 23 A permissive role of bradykinin B 2 receptors, possibly involving heat shock protein 90 and other components of the NO-releasing machinery in the Mas-mediated and AT 2 Rmediated effects, awaits elucidation. There are only sparse reports implicating AT 1 R in the vascular effects produced by Ang-(1-7). 98 Taken together, the available data indicate that most if not all of the actions of Ang-(1-7) are mediated through Mas. The formation of novel peptide alamandine from Ang-(1-7) may explain, at least in part, the reports showing the absence of effects of A-779 on Ang-(1-7) actions, [99] [100] [101] because alamandine acts by a Mas-independent mechanism. The formation of alamandine can also explain the blockade of Ang-(1-7) effects by the analogue D-Pro7-Ang-(1-7) but not by A-779, because this antagonist blocks alamandine. 100, 101 Finally, the formation of alamandine may explain the blockade of some Ang-(1-7) effects by PD123319 due to Mas-related G-protein-coupled receptor D. These possibilities await confirmation. Nevertheless, the contribution of AT 2 R and BK receptors for the vascular effects of Ang-(1-7) cannot be disregarded.
Central Cardiovascular Effects
It is well known that centrally Ang-(1-7) produces several cardiovascular-related and nonrelated effects. 92, As observed for many centrally active substances, the cardiovascular effects produced by the central administration of Ang-(1-7) are complex, site-specific, and dependent on the physiological condition. In contrast with the many systemic opposing actions of Ang-(1-7) and Ang II, both peptides can produce similar effects in some brain regions. 92, 102, 104 However, the effector mechanisms are not always the same. 119 For instance, in the rostral ventrolateral medulla (RVLM), microinjection of Ang-(1-7) and Ang II produced a similar pressor effect. 92, 104, 119 The blockade of Ang- (1) (2) (3) (4) (5) (6) (7) or Ang II at the RVLM decreased blood pressure in hypertensive rats, 123 an effect that has been reassessed recently. 120, 124, 125 However, the pressor effects of Ang II and Ang-(1-7) at the RVLM seem to be mediated by different peripheral mechanisms. Although the Ang II pressor effect includes basically an increase of sympathetic activity, 105 the one produced by Ang-(1-7) includes vasopressin release and decrease of a vasodilator parasympathetic-related vascular tonus. 119 Interestingly, at the RVLM, the Ang-(1-7) pressor effect increased after bleeding, whereas the Ang II effect remains essentially unaltered. 106 Similar differential mechanisms were reported for the hypotensive effect of Ang II and Ang-(1-7) activity at the caudal ventrolateral medulla. 112 The hypotensive effect of Ang II at the caudal ventrolateral medulla involves a reduction of sympathetic activity, whereas the effect of Ang-(1-7) seems to also involve a nitrergic peripheral mechanism. 109 Using neurohypophyseal-hypothalamic explants, Schiavone et al 126 described the first biological action of Ang-(1-7), the release of vasopressin. A few years later, Felix et al 127 reported a neurostimulatory effect of Ang-(1-7) in paraventricular nucleus neurons. Subsequent studies over the past 20 years are in line with these initial findings (see the online-only Data Supplement). It is interesting that the mechanisms underlying the stimulatory effects of Ang II and Ang-(1-7) in the hypothalamus are also apparently distinct. It has been suggested that the effect of Ang II is linked to reactive oxygen species production. In the paraventricular nucleus, unlike many other brain regions in which NO release plays a major role, 113, 116 Ang-(1-7) seems to exert its neuroexcitatory effects by a mechanism involving cyclic adenosine monophosphate/protein kinase A. 128 In contrast to its central sympathostimulatory effects at the paraventricular nucleus and RVLM, Ang-(1-7) has recently been reported to produce pronounced inhibition of β-adrenergic-mediated heart rate response to air jet stress or disinhibition of the dorsomedial hypothalamus. 121 A decrease of renal nerve activity was also observed. This sympathoinhibitory action was observed after peripheral or central Ang-(1-7) administration. 121 Remarkably, the nucleus tractus solitarius is one of the brain regions in which there is a clearcut difference between the cardiovascular effects of Ang II and Ang-(1-7). Although both peptides decrease blood pressure when microinjected in the femtomolar range in the nucleus tractus solitarius, 102 in the baroreflex, the control of heart rate is opposite: Ang-(1-7) facilitates whereas Ang II decreases baroreflex sensitivity. 107, 110, 129 In keeping with these observations, intracerebroventricular (ICV) infusion of both peptides also produces opposite effects in the baroreflex. 103 Moreover, Mas-KO mice present decreased baroreflex sensitivity. 114 Accordingly, it has been reported that in vivo expression of Ang-(1-7) lowers blood pressure and improves baroreflex function in TGR(mREN2)L-27 rats. 117 In view of the many site-dependent cardiovascular effects of Ang-(1-7) in the central nervous system, one might ask what would be the net effect of an increased production of this heptapeptide in the brain. Acute ICV infusion of Ang-(1-7) in Wistar rats did not change blood pressure as well as water-drinking behavior. 130 This contrasts with the well-known pressor effect and induction of water and salt intake induced by Ang II 131 . Whereas, ICV infusion of Ang-(1-7) in TGR(mREN2)L-27 or chronic ICV infusion of Ang-(1-7) in DOCA-salt hypertensive rats decreased blood pressure. 111, 118 Similarly, the delivery of an Ang-(1-7)-producing fusion protein into the cisterna magna of TGR(mREN2)L-27 117 reduced blood pressure. Therefore, it seems that in the brain, despite several local similarities in the action of Ang II and Ang-(1-7), these 2 angiotensins exert opposite influences on blood pressure. Moreover, even when producing similar cardiovascular effects in a brain region, different signaling/effector mechanisms are involved. What are the pathophysiological conditions or the afferent signals governing the differential expression of Ang II and Ang-(1-7) in different brain regions? These are pivotal questions that deserve future studies. In this regard, in the hippocampus, a novel pathway for the generation of Ang-(1-7) directly from Ang I and independent of ACE2 was recently described, 122 opening new possibilities for site-specific regulation of angiotensin peptide processing. Interestingly, this possibility was also taken into consideration in the initial descriptions of Ang-(1-7) formation from radiolabeled Ang I in the brain stem. 132 It is worth mentioning that, as discussed for blood vessels, there is evidence for the participation of AT 2 R in some of the central effects of Ang-(1-7). 133 However, the same concerns pointed out for blood vessels should be taken into consideration when interpreting data obtained with the currently available AT 2 R antagonists. -(1-7) 1143
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Cardiovascular Actions of Angiotensin
Ang-(1-7) and Other Mas Agonists in Cardiovascular Therapeutics: A Journey From Basics Physiology to Patients
As addressed above, a large body of evidence for vascular and cardioprotective roles for Ang-(1-7) was built in the past 2 decades. Similarly, although less complete, basic knowledge was also collected for the other available Mas agonists, AVE0991 and CGEN-856S. 43, 44, 95, [134] [135] [136] [137] [138] These observations lead to the quite unusual therapeutic strategy of stimulating, rather than blocking, a G protein-coupled receptor. The fact that transgenic rats and mice with lifelong increases in circulating or local Ang-(1-7) show clear signals of beneficial effects, resembling those observed with acute or short-term (weeks) administration of the peptide, indicates that desensitization or tachyphylaxis did not occur with chronic Mas stimulation. In addition to Mas stimulation, the use of putative ACE2 activators is a possibility being tested in experimental animals. 139 Figure 3 shows the different tools available for exploring the therapeutic potentials of activating the ACE2/ Ang-(1-7)/Mas axis. In addition to Mas, therapeutic strategies aimed at stimulating AT 2 R are also in progress. [140] [141] [142] One of the approaches that have been well tested in animals is an inclusion compound, hydroxypropyl-β-cyclodextrin/ Ang-(1-7). This patented compound protects Ang-(1-7) from inactivation by the digestive tract enzymes, which allows its oral administration. 143 It should be emphasized that only Ang-(1-7) enters the blood stream in this case. The inclusion compound acts as a sustained-release system or more properly as a longlasting releasing system. Using this approach, many beneficial cardiovascular and metabolic effects of Ang-(1-7) were recently described, including antithrombogenesis, 144, 145 attenuation of cardiac remodeling induced by isoproterenol treatment, 146 reduction of the lesion area and attenuation of acute and chronic postinfarction cardiac dysfunction, 146, 147 antihypertensive effect, 148 and beneficial effects on erectile dysfunction, 149 muscular dystrophy, 150 and type II diabetes mellitus. 151 In these preclinical studies, the beneficial effects observed were remarkable, considering that the peptide was given orally once a day in doses ranging from 10 to 50 μg/kg, equivalent to 11 to 55 nmol/ kg per day. Ongoing phase I studies will provide data about the potential use of this hydroxypropyl-β-cyclodextrin/Ang-(1-7) inclusion compound for the treatment of human diseases.
In addition to the approach using cyclodextrins, the use of cyclic Ang-(1-7) is under preclinical testing. 152, 153 Cyclic Ang-(1-7) is more resistant than Ang-(1-7) to enzymatic hydrolysis. Interestingly, vasorelaxation produced by cyclic Ang-(1-7) in aortic rings from Sprague-Dawley rats is only partially blocked by the Mas antagonist A-779. 153 Whereas, the Ang-(1-7) analogue D-Pro7-Ang-(1-7), an Ang-(1-7)/ alamandine antagonist, 8 completely blocked its effect. This pharmacological profile suggests that cyclic Ang-(1-7) could be a dual Mas/Mas-related G-protein-coupled receptor D agonist showing Ang-(1-7)/alamandine characteristics. This possibility awaits clarification.
An intravenous formulation of Ang-(1-7) has been tested in preeclamptic patients. After 48 hours of continuous Ang-(1-7) administration, a significant improvement in endothelial function was observed. 154 Considering that endothelial dysfunction is the core of physiopathological alterations observed in preeclampsia, this finding opens the possibility for the use of Ang-(1-7) or other Mas agonists as a novel therapeutic tool for preeclamptic patients. However, additional studies are obviously needed to confirm this possibility.
Rodgers and diZerega and their coworkers [155] [156] [157] [158] have explored the use of Ang-(1-7) or Ang-(1-7) analogues for noncardiovascular indications, especially recovery from radiotherapy. The possibility of the use of Ang-(1-7) for the treatment of tumors is also currently being tested. 159
Concluding Remarks: Perspectives
Twenty-five years ago, the first articles describing the formation and actions of Ang-(1-7) were published. From the initial skepticism concerning its biological relevance, because it was considered only a degradation product of Ang I and Ang II, 160, 161 this peptide has achieved the status of a biologically active endproduct of the RAS, especially after the identification of ACE2 and its receptor Mas. More importantly, the possibility of using Ang-(1-7) or other Mas agonists as therapeutics agents is being more and more explored. This may represent an important paradigm shift in the method of interfering with the RAS activity for treating cardiovascular diseases: instead of blocking the hypertensive axis of the system, the possibility of stimulating the protective axis of the RAS seems to be an attractive therapeutic alternative. Ongoing clinical studies to be finished in the next few years will be important to confirm this possibility.
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